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DESIGNINGMFTF TNERMALABSORBERS

Y. Chang
LawrenceLivermoreLaboratory,Universityof

Livermore,CA 94550

summary

Both ion dumpsand neutralbeamdumpshavebeen
designedfor the MirrorFusionTest Faoility(MFTF)at
the LawrenceLivermoreLaboratory.Engineeringand
designhas beencompleted,and fabricationwill be
contractedto industrialfirmain late 1979.

This paperpresentsthe performancerequirements,
heat density,and heatdistributionon bothdumps.
The thermalanalysisfor determiningthe dumpst size
andmethodsfor coolingthem are discussed.Attention
is also directedto mechanicaldesignand fabriostion
as well as to 1eading-edgedesignand thermalpanels.

Introduction

Thermalabsorbersin theMirrorFusionTest
FacilityIncludeneutral-beamdumpsand ion dumps.
Both dumpsreceivea heatloadfrcm the neutral-beam
injectors.Duringthe source-conditioningmode,the
magnetaare not energized,and all the energyfrom the
neutral-beaminjeotorsIs releasedon the neutral-beam
dumps. Duringthe experimentalmode,the magnetic
fieldla in effeot. The un-neutralizedportionof the
neutralbeam (representingone-thirdof the total
energyfrom the Injector)is deflectedto the ion
dumps. The remainingportiongoes intothe plasma
region,fromwhichsomeleaksto the neutral-beamdump.

Thereare 24 ion dumpsin the MFTF fusionchamber,
one dump for eachsustaining-neutral-beammodule.
Eachion dump is mountedon a neutral-beammoduleso
it will movewith the moduleas it is beingsteeredto
alm the beam. A set of neutral-beamdumpsis loosted
In each of the fourneutral-beamdomeson the vacuum
vessel. Coolingwateris circulatedto bothion dumps
and neutral-beamdumpsto carrythe heat outaidethe
vacuumvessel.

PerformanceRequirements

The ion dumpsmust be able to interceptthe ions
thrownoff by the sustainingneutralbeamsand
deflectedfrom the beam pathsby the magneticfield.
The energyabsorbedby the ion dumpsmust be
transferredto the outsideof the vacuumvessalbefore
the neutralbeamsare firedagain. All sustaining
neutralbeamsfireat five-minuteIntervalsfor a
0.5-seoondpulse. The totalhea depositedon each

kion dumpis approximately1 x 10 J fromeach shot.
The neutral-beamdumps❑ust be ospableof

absorbingthe energyfrom the six sustainingneutral
beamsassociatedwith eachdump,and the heatmust be
transferredto outsidethe vesselwithinfi e minutes.

iSachneutral-beamdumpwill receive18 x 10 J per
shot.

HeatLoad and PeakDensity

The powerdensitydistributionin the beam oan be
characterizedby a bi-gaussian,angular-power-density
distribution.1

p’ (X,r,.) +#q%++#] [d(%)+-f(w)l
where

p. = powerper unit areaof surfacenormalto
the Z axis at point (xIYIz).

0, 0 = anglesat whiohpowerfluxbecomeslle
of Its maximumvalue.

XO* Yo = sourcedimensions

The heat load

California

on the neutral-beamdumpis basedon the
souroeparameters:

%3=50M
Yo = 22
e “8 cm= 0.5
0= 1.50
P. = 6.4 X106W

At Z = 1130 om wherethe dumpis looated,the
maximumpeak densityis Pm = 6.66 kW/0M2. Duringthe
souroeconditioningmode,all six beamsmay release
into theirneutral-beamdumpa totalof 38.4MN energy
for one-halfsecond,whichIs about18 x 106 J.

The trajectoryof ionsleavinga beammoduleis
calculatedwith the 3-D computeroodeGFUN. For a
typicalsource,the ion-beamfootprintis tracedby
startingthe trajectoryat ninepointsovera
rectangularareathat Is characteristicof the beam
size at the exitof the mutralizerand thenfollowing
the mappingof the rectangularsreaalongthe curved
tra.jeotory.The powerdensity(calculatedat a plane
parallelto the beam and 7.5 au awayfrcm it) ie found
to be 3.5 kW/om2. For a 0.5-secondpulseduringan
experiment,about30$ of the 6.4 MN goes into the ion
dump,or releasesabout1 x 106 J there.

DesignApproaoh

Designsfor a heat-absorbingpanelfor high-energy
beamshavebeenproducedby a few predecessorswho
have also providedevaluationsfor materialsto be
used in a thermaldump.2*3

Becauseof its thermalpropertiesand low cost,
oopperis themost favoredmaterialfor a paasive-
cooli.ngthermaldump.4 But the coppertill reachits
meltingpointat a 5-kW/om2heatload,assumingthe
same rateof heat transferas in a semi-infiniteslab.
Therefore,themaximumheatloadon coppermust be
limitedto 4 kW/cm2so the surfacetemperaturewill
not exceed80S of itsmeltingpoint. The timehistory
of surfacetemperatureon bothsidesof the copperosn
be determinedby thisunsteady-conductionequationin
one-dimension:

The equationabovecan be writtenas a finite-
differenceequatlqn(i.e.,for finiteAe and Ax),

j($)= @,

wherethe subscripts6 and x indicatewhetherthe
the, 0, or the location,X, is the variable
effeotingthe ohangein T. Furthermore,one surface
of the plateis in contactwith a fluidwhose
temperatureia eitherconstantor a kno~ functionof
time. Therefore,the boundarycondition oan be
expressedby:

()g
t . Tot- T~t

o
k
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●ThM designwork for the thermalabsorbersWSS
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‘It says, at any time (tAO),thetemperaturegradient
at the surface(avax)gt must be equalto the
temperaturedifferencebetweenthe surfaceand the
fluid,

Tot-T= ‘, dividedby ka/~,

whereke ia the thermalconductivityof the solidand
~ ia the unit-surfaceconductance.h oomputer
programwas writtento carryout the repeating
calculationof temperaturerlaeovertimefor copper
plateaof variousthickneaaea.The resultia plotted
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Fig. 1 Temperaturerlaeovertimefor various
thicknessesof copper

Secauaeof the compactarrangementof the neutral
beammodules,thereis only llmitedspaceleft for
the ion dump to be mountedon them. This tight
spacingwill not allowthe ion dump to be slantedin
orderto reducethe heat density. Thereforethe
surfaceof the ion dumpwill be exposedto a
3.5 kN/cm2heatload. A60CMX60CMX2.5CM
copperpanelwill covertra~ectoryfootprintsin
varioualocations.Coolingchannelaare providedby
twelvel-cm-diameterholesthroughthe plate. These

e twelvechannela,connectedby ‘U” tubea,are grouped
into two 100pa. Each loop delivers4 gpm of water.
At thisflowrate,the waterapeedin the channelia
2.9 mls, whichgivesa 1 U/cm2- K COnVeCtive-

., coolingrateand 20 psi pressuredropacroaathe
dump. The dumpwill be cooledoff in approximately
60 seconds. Fig. 2 showsthe ion dump in aasembled
atate.

Unlikethe ion dump,the neutral-beamdumpcan
havea slanting surfaceto bringthe heatdensity
down. A designfor a neutral-beamdump usingslanted
aurfaceaia shownin Fig. 3. It conaistaof an array
of SPX V-shapedcopperpanelawith rectangular
coolingchannela.The two aideaof the panelare
420 apart,with
oncomingbeam.

the apex of theV faci~-the
Eachpanelhas one coolingchannel

Cooling
watar
inlets ~ ~Supporting

—

m

--rNeutral-beam l_60cm~
injector

Fig. 2 Ion dumpin assembledatate
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besm line
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I beam dome
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Fig. 3 Neutralbeamdump

throughwhioh2 8PM of waterflowsat 2 m/a. Fig. 4
ahowaa typicalpaneldeaisn. The legsof the V’a
are uneven,permittingan overlapb preventthe beam
fromshiningthrough.

Severalconceptsfor designingthe leadingedge
of the V havebeenevaluated:

1. A tungstentubeof 6.3 cm diameterwaa
considered.
copPertubes

Integratingtungstenplumbingto
presentsdifficulties;thisand the
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The neutral-beam-dumpassembly is sized to cover
all six sustainingbeamsand six start-upbeamsat
theirnominalaiming,points~ tioaimingadjustments.

DesignData Summary

Ion–Dump Design Data
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Fig. 4 Typicalthermalpaneldesign

highcostof tungstenmakesthisdesignunfeasible.
2. Sprayinga coatof tungstenovera coppertube
was proposed,but industrycannotproducea
sprayedcoatsufficientlythickta reducethe
temperaturebelowthe meltingpointof copperat
the tungsten-copperinterface.
3. The presentdesignusesa tungstenetripbrazed
to a copperplate. For a 6.6-kW/cra2heathad,
a 0.3-omlayerof tungstenis neoessaryto keep
the copperbelowits meltingpoint. The leading
edgeof the panelrequirescoolingwater. Fig.5
showsa leading-edgedesign.
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Fig.5 Designfor leadingedgeof thermalpanel
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Number of ion dumps in FCS 24
Total heat load par dump 1.9 MWX0.5S
Maximum heat density on dump panel 3.5 kWlcmz
Coofing method passivecooling
Cooling water flow rate per panel 8 gpm
Flow speed in cooling channel 2.9 mls
Cooling channel size 1.0 cm dia. x 3.6 m
Dump panel material copper
Supporting structure S.st.
Dump size 60 cm X 60 cm X 2.5 cm
Total weight per panel

(without structure) 75 kg

(with structure) 95 kg

Neutral–8eam–Dump Design Data

Number of dumps in FCS
Total heat load per dump

(source conducting mode)
Maximum heat density on dump panal
Maximum heat density on leaking edge

Cooling method

Cooling water flow rate per dump
Flow spaed in cooling channel

Cooling channel size

Dump panel material

Leading edge material

Supporting structure
Dump configuration

4

36.4 MW X 0.5 S

2.4 kW/cm2

6.6 kW/cm2

passivecooling

50 gpm
2 mls

0.6cm Xl.2cm X8m

copper

tungsten over copper
Al 6061-T6

6 “V” in line (each “V”
consists of 4 panels of
76cm X115cm X
1.9 cm thick)

Total weimht Der dumct
(wjttioui structu;e) 3636 kg
(withstructure) 4545 kg

1.

2.

3.

4.

References

L. C. Plttenger,PowerDensityCalculationsfor
8eamefromDiffuse,Astigmatic,Rectangular
Souroes, Lawrence’LivermoreLaboratory,
Livermore,CA (April1978); ENC 77-1. Readers
outsidethe Laboratorywho desirefurther
informationon LLL internaldocumentsshould
addresstheirinquiriesto theTechnioal
InformationDepartment,LawrenceLivemnore
Laboratory,Livermore,CA 94550.

J. M. Haughian, W. S. Cooper end J. A. Pateraon,
The Designend Developmentcf Mutli-HegawettSeem
Du&s, LawrenceBerkeleyLaboratory,Llvarmore,

; LSL-5901.

R. R. Stoneand J. M. Haughisn,The Designof
Ca.lortieterand SearaDumP for the ‘fF’fRprototYPe
NeutralSeam Injector, LawrenceLivermore
Laboratory,Livermore,CA, UCRL-79720(1977).

F. Kreith,Principlesof HeetTranafer,
InternationalTextSctokCo..Soranton.pA (1960).

NOTICE
TM$reportwmpreparedasanaccountof work sponsoredby the United
States Government. Neither the United States nor the United States
Department of Energy, nor any of their employees, nor any of their
contractors, subcontractors, or their employees, makes any warranty,
express or implied, m assumes any Ie.gd Iiabilky m responsibilky for the
accuracy, completeness or usefulness of any information, apparatus,
product orprocess disclosed, mrepresentst hat itsusewould not infringe
privately .owned rishts.

Reference to a company or product name does not imply approval or
recommendation of thepmduct bythe University of Cafifomiaorthe U.S.
Department of Energy to the exclusion of others that maybe suitable.


